Classical spectral estimation techniques use sliding windows to enforce temporal smoothness of the spectral estimates of signals with time-varying spectrotemporal representations. This widely applied approach (pp. E5336-E5345) is not well-suited to signals that have low-dimensional, highly structured time-frequency representations. We develop a new Bayesian spectral decomposition frameworkspectrotemporal pursuit-to compute spectral estimates that are smooth in time and sparse in frequency. We use a statistical interpretation of sparse recovery to derive efficient algorithms for computing spectrotemporal pursuit spectral estimates. We apply spectrotemporal pursuit to achieve a more precise delineation of the oscillatory structure of human electroencephalogram and neural spiking data under propofol general anesthesia. Spectrotemporal pursuit offers a principled alternative to existing methods for decomposing a signal into a small number of oscillatory components.
Demba Ba, Behtash Babadi, Patrick L. Purdon, and Emery N. Brown Classical spectral estimation techniques use sliding windows to enforce temporal smoothness of the spectral estimates of signals with time-varying spectrotemporal representations. This widely applied approach (pp. E5336-E5345) is not well-suited to signals that have low-dimensional, highly structured time-frequency representations. We develop a new Bayesian spectral decomposition frameworkspectrotemporal pursuit-to compute spectral estimates that are smooth in time and sparse in frequency. We use a statistical interpretation of sparse recovery to derive efficient algorithms for computing spectrotemporal pursuit spectral estimates. We apply spectrotemporal pursuit to achieve a more precise delineation of the oscillatory structure of human electroencephalogram and neural spiking data under propofol general anesthesia. Spectrotemporal pursuit offers a principled alternative to existing methods for decomposing a signal into a small number of oscillatory components.
Local plant names reveal that enslaved Africans recognized substantial parts of the New World flora
Tinde R. van Andel, Charlotte I. E. A. van 't Klooster, Diana Quiroz, Alexandra M. Towns, Sofie Ruysschaert, and Margot van den Berg Enslaved Africans had to familiarize themselves with the American flora, which was largely alien to them, to survive. The process of species recognition, knowledge acquisition, and replacement has hardly been documented. We compared 2,350 Afro-Surinamese vernacular plant names with those vernacular plant names used in western Africa for botanically related taxa. Sixty-five percent of the Afro-Surinamese plant names contained European lexical elements, but among Maroons, descendants of escaped slaves, more than 40% of the vernaculars showed strong resemblance in sound, structure, and meaning to African plant names for related taxa. The greatest correspondence was found among plant names from Gabon and Angola, the main areas where the Dutch purchased their slaves. Our paper (pp. E5346-E5353) shows that Africans recognized substantial parts of the American flora. 2+ and consequently are implicated in diverse humanhealth disorders, including neurodegenerative and cardiovascular diseases. A detailed understanding of the molecular mechanisms of these membrane proteins is therefore of interest from fundamental and biomedical standpoints. Here (pp. E5354-E5362), we establish the structural mechanism of Na + recognition in a prokaryotic NCX homolog, using atomistic molecular-dynamics simulations based on recently reported crystallographic data, as well as experimental transport assays of wild-type and mutagenized exchangers. The results have general implications pertaining to the ion exchange stoichiometry and electrogenicity of the Na + /Ca 2+ transport cycle across the NCX family, and provide the basis for future investigations of the conformational mechanism of these important transporters.
Sodium recognition by the Na
Stoichiometry and geometry of the CXC chemokine receptor 4 complex with CXC ligand 12: Molecular modeling and experimental validation Irina Kufareva, Bryan S. Stephens, Lauren G. Holden, Ling Qin, Chunxia Zhao, Tetsuya Kawamura, Ruben Abagyan, and Tracy M. Handel The chemokine receptor axis plays a critical role in numerous physiological and pathological processes, yet the structural basis of receptor interaction with chemokines is poorly understood. Although the community agrees on the existence of two distinct epitopes for recognition of receptors by chemokines, conflicting evidence from structural and mutagenesis studies suggested several possibilities for receptor:chemokine complex stoichiometry. We use (pp. E5363-E5372) a combination of computational, functional, and biophysical approaches to show that despite its dimeric nature, chemokine receptor CXCR4 interacts with its chemokine ligand, CXCL12, in a 1:1 stoichiometry. This result is also likely relevant for other receptor:chemokine pairs. Structural modeling informed by restraints derived from cysteine trapping experiments enabled determination of the receptor:chemokine complex geometry at a medium resolution level.
The Toll/NF-κB signaling pathway is required for epidermal wound repair in Drosophila Lara Carvalho, António Jacinto, and Nina Matova Injury and repair of broken skin are an integral part of human existence, but the ability to heal wounds extends across species. Animals ranging from insects and worms to fish, amphibians, birds, and mammals all protect and restore body integrity. Our study (pp. E5373-E5382) reveals that the evolutionary-conserved Toll/NF-κB signaling pathway, which provides the first line of defense against microbial infection, is crucial for wound repair in the embryonic epidermis (the skin) of the insect Drosophila melanogaster. Toll/NF-κB signaling promotes remodeling of cellular junctions and assembly of a cytoskeletal ring around the wound. Contraction of this ring much like a "purse string" fastens the epidermal gap. The findings set the stage for a similar investigation of the pathway in wound repair in vertebrates.
Recessive cardiac phenotypes in induced pluripotent stem cell models of Jervell and Lange-Nielsen syndrome: Disease mechanisms and pharmacological rescue Miao Zhang, Cristina D'Aniello, Arie O. Verkerk, Eva Wrobel, Stefan Frank, Dorien Ward-van Oostwaard, Ilaria Piccini, Christian Freund, Jyoti Rao, Guiscard Seebohm, Douwe E. Atsma, Eric Schulze-Bahr, Christine L. Mummery, Boris Greber, and Milena Bellin There are few laboratory models that recapitulate human cardiac disease. Here (pp. E5383-E5392), we created human cell models for Jervell and Lange-Nielsen syndrome (JLNS) in vitro, based on human induced pluripotent stem cells (hiPSCs). JLNS is one of the most severe disorders of heart rhythm and can cause sudden death in young patients. JLNS is inherited recessively and is caused by homozygous mutations in the slow component of the delayed rectifier potassium current, I Ks . Cardiomyocytes (CMs) from two independent sets of patient-derived and engineered hiPSCs showed electrophysiological defects that reflect the severity of the condition in patients. Our work allowed better understanding of the mechanisms of recessive inheritance. Furthermore, JLNS-CMs showed increased sensitivity to proarrhythmic drugs, which could be rescued pharmacologically, demonstrating the potential of hiPSC-CMs in drug testing.
Impact of HLA-driven HIV adaptation on virulence in populations of high HIV seroprevalence Factors that influence the virulence of HIV are of direct relevance to ongoing efforts to contain, and ultimately eradicate, the HIV epidemic (pp. E5393-E5400). We here investigate in Botswana and South Africa, countries severely affected by HIV, the impact on HIV virulence of adaptation of HIV to protective HLA alleles such as HLA-B*57. In Botswana, where the epidemic started earlier and reached higher adult seroprevalence than in South Africa, HIV replication capacity is lower. HIV is also better adapted to HLA-B*57, which in Botswana has no protective effect, in contrast to its impact in South Africa. Modelling studies indicate that increasing antiretroviral therapy access may also contribute to accelerated declines in HIV virulence over the coming decades.
Genomic and functional analysis of leukemic transformation of myeloproliferative neoplasms . The mechanisms and pathways that contribute to transformation from MPN to AML have not been well delineated. We have characterized the somatic mutational spectrum of post-MPN AML and demonstrate that somatic tumor protein 53 (TP53) mutations are common in JAK2V617F-mutant, post-MPN AML but not in chronic-phase MPN. We demonstrate (pp. E5401-E5410) that expression of JAK2V617F combined with Tp53 loss in a murine model leads to fully penetrant AML in vivo. We have characterized this model and used it to test therapeutic strategies. These data reveal novel insights into the pathogenesis of, and potential therapeutic strategies for, leukemic transformation.
Miz-1 regulates translation of Trp53 via ribosomal protein L22 in cells undergoing V(D)J recombination
Marissa Rashkovan, Charles Vadnais, Julie Ross, Mathieu Gigoux, Woong-Kyung Suh, Wei Gu, Christian Kosan, and Tarik Möröy V(D)J recombination occurs in lymphoid precursors to enable their maturation, but also induces DNA damage. Thus, it has been proposed that the activity of the tumor suppressor and gatekeeper protein p53 must be controlled during this process to prevent premature induction of apoptosis. In this study (pp. E5411-E5419), we show that the transcription factor Miz-1 can exert such a function. Miz-1 activates expression of the ribosomal protein Rpl22, which in turn controls the translation of p53 specifically in lymphoid precursors. We propose that this Miz-1-Rpl22-p53 pathway prevents p53 from inducing cell death as a response to V(D)J recombination in lymphoid precursors from both the T-lineage and the B-lineage.
Overactive cannabinoid 1 receptor in podocytes drives type 2 diabetic nephropathy
Tony Jourdan, Gerg} o Szanda, Avi Z. Rosenberg, Joseph Tam, Brian James Earley, Grzegorz Godlewski, Resat Cinar, Ziyi Liu, Jie Liu, Cynthia Ju, Pál Pacher, and George Kunos Diabetic nephropathy is the leading cause of chronic kidney disease in the United States, and one of the most significant long-term complications of both type 1 and type 2 diabetes, which currently lack fully effective therapy. Hyperglycemia and activation of the renin-angiotensin system (RAS) are thought to be the two main drivers of this pathology. We have recently shown that selective blockade of peripheral cannabinoid receptor-1 (CB 1 R) delayed and attenuated the development of type 2 diabetes in a rat model. Here (pp. E5420-E5428) we show that the nephropathy-inducing effects of both hyperglycemia and activation of the RAS involve CB 1 R activation in glomerular podocytes, and that antagonism of peripheral CB 1 R could represent a novel, effective, and rational approach to both prevent and reverse diabetic nephropathy.
Hypoxia-inducible factors are required for chemotherapy resistance of breast cancer stem cells
Debangshu Samanta, Daniele M. Gilkes, Pallavi Chaturvedi, Lisha Xiang, and Gregg L. Semenza Breast cancer stem cells play essential roles in tumor growth, maintenance, and recurrence after chemotherapy. We report (pp. E5429-E5438) that treatment of human breast cancer cells with chemotherapy results in an enrichment of breast cancer stem cells among the surviving cells, which is dependent upon the activity of hypoxiainducible factors (HIFs). Studies in mouse tumor models suggest that combining chemotherapy with drugs that block HIF activity may improve the survival of breast cancer patients.
Structure of the nonameric bacterial amyloid secretion channel
Baohua Cao, Yan Zhao, Yongjun Kou, Dongchun Ni, Xuejun Cai Zhang, and Yihua Huang Numerous bacteria produce a unique class of "functional" amyloids termed curli that are important for the fitness of the organism by mediating biofilm formation, host cell adhesion, and colonization on inert surfaces. Here (pp. E5439-E5444), we report the crystal structure of CsgG, a lipoprotein that forms a secretion channel for curli subunits in the outer membrane. Each CsgG monomer is composed of four β-strands that span the outer membrane. Nine CsgG monomers together form a large, 36-stranded β-barrel with a central secretion channel. The channel is restricted by stacked rings within the pore, formed from inwardly protruding residues. The CsgG structure may provide a template for the development of antibiotics aimed at attenuating biofilm formation.
Human infrared vision is triggered by two-photon chromophore isomerization
Grazyna Palczewska, Frans Vinberg, Patrycjusz Stremplewski, Martin P. Bircher, David Salom, Katarzyna Komar, Jianye Zhang, Michele Cascella, Maciej Wojtkowski, Vladimir J. Kefalov, and Krzysztof Palczewski This study (pp. E5445-E5454) resolves a long-standing question about the ability of humans to perceive near infrared radiation (IR) and identifies a mechanism driving human IR vision. A few previous reports and our expanded psychophysical studies here reveal that humans can detect IR at wavelengths longer than 1,000 nm and perceive it as visible light, a finding that has not received a satisfactory physical explanation. We show that IR light activates photoreceptors through a nonlinear optical process. IR light also caused photoisomerization of purified pigments and a model chromophore compound. These observations are consistent with our quantum mechanical model for the energetics of two-photon activation of rhodopsin. Thus, humans can perceive IR light via two-photon isomerization of visual pigment chromophores.
(+)-SJ733, a clinical candidate for malaria that acts through ATP4 to induce rapid host-mediated clearance of Plasmodium and produced marginally resistant mutants with poor fitness. In addition, (+)-SJ733 met all other criteria for a clinical candidate, including high oral bioavailability, a high safety margin, and transmission blocking activity. These results (pp. E5455-E5462) demonstrate that targeting ATP4 has great potential to deliver useful drugs for malaria eradication.
Structural interactions of a voltage sensor toxin with lipid membranes
Mihaela Mihailescu, Dmitriy Krepkiy, Mirela Milescu, Klaus Gawrisch, Kenton J. Swartz, and Stephen White Tarantula venom contains protein toxins that interact with diverse families of ion channels and alter their activity. A number of tarantula toxins are known to interact with membranes and are thought to bind to ion channel proteins within the lipid bilayer. In the present study (pp. E5463-E5470), we find that tarantula toxins influence the structure and dynamics of the lipid bilayer, and that the toxin orients itself within membranes to facilitate formation of the toxin-channel complexes. Our results have implications for the mechanisms of toxin action on ion channels, and more generally for protein-protein interactions within membranes.
Bimodal regulation of ICR1 levels generates self-organizing auxin distribution Ora Hazak, Uri Obolski, Tomá s Prat, Ji rí Friml, Lilach Hadany, and Shaul Yalovsky In nature, patterns form by self-organizing mechanisms that involve distribution of components called morphogens. In many cases, the molecular mechanisms that underlie morphogen distribution in living organisms are not well-known. In plants, a small molecule called auxin serves as a morphogen that regulates diverse developmental processes. The ability of cells to transport or accumulate auxin defines its distribution. Here (pp. E5471-E5479), we present experimental data and theoretical modeling showing that auxin concentrations regulate the levels of a protein called INTERACTOR of CONSTITUTIVELY active ROP (RHO of Plants) 1 (ICR1), which is required for auxin transport. ICR1 expression is induced by auxin, but when auxin levels exceed a critical concentration, ICR1 is rapidly degraded, leading to auxin accumulation. Thus, auxin self-regulates its distribution by bimodal regulation of ICR1.
Evolution of a plant-specific copper chaperone family for chloroplast copper homeostasis Crysten E. Blaby-Haas, Teresita Padilla-Benavides, Roland Stübe, José M. Argüello, and Sabeeha S. Merchant The prevailing dogma is that access to copper (Cu + ) is restricted to the extent that protein-protein interactions mediate the routing of Cu + from transporters in the plasma membrane to target cuproenzymes or transporters within subcellular compartments. The soluble proteins that distribute Cu + are called metallochaperones. Although the chloroplast requires Cu + , a chaperone that delivers this essential cofactor has remained a missing link in the model for plastid Cu + delivery. Using a comparative genomic approach and validating by biochemical characterization, we have discovered a missing chaperone (pp. E5480-E5487). Uniquely, the previously unidentified chaperone family has evolved from the transporter to which it delivers Cu + . We also uncover an interaction between the thylakoid-localized transporter and the Cu + chaperone for stromal Cu/Zn superoxide dismutase, which highlights the complexity of Cu + distribution networks.
